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.4RSTRACT 
Objective: Pulsed-field gel electrophoresis (PFGE) was used to 
investigate an outbreak of gastroenteritis caused by Salvo- 
nella enferifidis. The outbreak occurred among university under- 
graduates who consumed contaminated food. 
Method: Molecular typing was done by analyzing DNA band 
patterns of isolates of S. enferifidis after digestion of chromo- 
somal DNA with infrequently-cutting restriction endonucleases 
Xbal, Avrll, and Spel and separation of DNA fragments using 
PFGE. 
Results: Twenty-nine outbreak isolates of S. enferifidis had iden- 
tical or highly similar PFGE patterns, whereas different PFGE 
patterns were observed among three epidemiologically unre- 
lated isolates obtained during the same period. 
Conclusion: The data obtained confirm the value of PI-GE in epi- 
demiologic investigations of outbreaks caused by S. ertferitidis. 
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Salmonellosis is the most economically important food- 
borne disease of man, and acute gastroenteritis caused 
by Salmonella spp remains a major global public health 
problem with an annual incidence of 1.3 billion cases 
with 3 million deaths. Consumption of food of animal 
origin by far is the main method of transmission of non- 
typhoidal salmonellosis, with Salmonella enteritidis from 
poultry taking over from S. typhimurium as the main 
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culprit in the industrialized world. There are few data on 
the incidence of salmonellosis in the developing coun- 
tries, where only 1 to 10% of cases are reported and 
where the disease may be more severe, often being asso- 
ciated with 20 to 30% mortality. Most cases of S. enteri- 
tidis gastroenteritis occur sporadically or as limited 
outbreaks, but recent reports of large, hospital- and nurs- 
ing home-associated outbreaks emphasize the importance 
of the problem. 
As a result of the prominence of S. enteritidis as a 
cause of gastroenteritis, there has been great interest in 
the application of the newer molecular typing methods 
to improve the identification and differentiation of indi- 
vidual isolates. It has been suggested that the standard 
methods for typing S. enteritidis, which include serotyp- 
ing, biotyping, plasmid analysis, and phage typing, may 
not be sufficiently discriminative, as it has been reported 
that more than 75% of the S. enteritidis isolated during 
multiple outbreaks belong to a single phage type.’ 
Recently, a variety of DNA-based techniques, including 
random chromosomal probes, IS200 profiling, ribotyp- 
ing,2,3 pulsed-field gel electrophoresis (PFGE),* and arbi- 
trarily primed polymerase chain reaction (PCR),5,6 have 
been successfully applied in differentiating isolates of S. 
enteritidis. In this article the further application of 
macrorestriction DNA analysis using PFGE is reported for 
investigating an outbreak of acute gastroenteritis caused 
by S. enteritidis in a university student community in 
Kuala Lumpur, Malaysia. 
MATERIAL AND METHODS 
A total of 32 human isolates of S. enteritidis from feces 
were analyzed in this study. The organisms were isolated, 
maintained, and identified using standard methods. Of 
the 32 isolates studied, 29 were obtained from individual 
cases during an outbreak of gastroenteritis among under- 
graduates residing in two residential dormitories in a lead- 
ing university in Kuala Lumpur, Malaysia, during the 
period January 4 to 6, 1995. All the students involved 
were initially treated at the student health clinic, but six 
were subsequently hospitalized at the University Hospi- 
tal for further treatment. All the infected students had 
obtained food (chicken and beef satay, chicken curry, and 
iced beverages containing coconut milk) from a nearby 
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night-market 48 to 72 hours previously. Three isolates of 
S. enteritidis were also obtained from other hospitalized 
patients during the same period, but were not related to 
the student community outbreak. Repeated subculturing 
of isolates was avoided and stocks of the primary isolates 
were maintained at -70°C. All isolates of S. enteritidis 
studied, except for one, were sensitive to ampicillin, chlor- 
amphenicol, cotrimoxazole, ceftriaxone, ciprofloxacin, 
gentamicin, streptomycin, and tetracycline as determined 
by standard disk-diffusion procedures to measure resis- 
tance according to National Committee for Clinical Lab- 
oratory Standards (NCCLS) guidelines. One isolate (No. 
937) was resistant to tetracycline. None of the isolates 
studied contained any plasmids, as determined by a stan- 
dard alkaline lysis procedure and by pulsed-field gel elec- 
trophoresis (PFGE) of undigested DNA (see below). The 
DNA for PFGE analysis was isolated by a modification of 
standard methods as described previously.* Selection of 
restriction endonucleases for digestion of chromosomal 
DNA was based on the percent G+C content of 50 to 
54% previously reported for Salmonella spp. The fol- 
lowing restriction endonucleases were used: XbaI 
(5’-TCTAGA-3’), AvrII (5’-CCTAGG-3’), and SpeI 
(5’-ACTAGT3’) (New England Biolabs, Beverly, MA, and 
Stratagene Co., La Jolla, CA). The PFGE of DNA in agarose 
plugs (inserts) was performed using the contour-clamped 
homogeneous electric field (CHEF) method on a CHEF 
DR-II or DR-III system (Bio-Rad Laboratories, Richmond, 
CA) in gels of 1% agarose in 0.5X TBE buffer (O.lM Tris, 
O.lM boric acid, 0.2 mM EDTA) for 28 to 30 hours at 200 
V, at a temperature of 14”C, with ramped pulse times 
varying according to the enzymes used (ranging from 2 
to 50 seconds). Gels were stained with ethidium bromide 
and photographed using a W transilluminator (Spectro- 
line, 302 nm). The DNA size-standards used were a lambda 
ladder consisting of concatemers starting at 48.5 kbp and 
increasing to approximately 1000 kbp (Bio-Rad Labora- 
tories, Richmond, CA) and a midrange II PFG Marker (size 
range, 24 to 291 kbp) (New England Biolabs, Beverly, MA). 
The DNA fragment patterns were visually assessed and 
size determination of the fragments was carried out by 
measuring migration distances of individual bands and 
referring these to a standard curve, which plotted migra- 
tion distances against log molecular weight of the DNA 
size standards. The PFGE patterns were assigned an arbi- 
trary pattern type and compared by calculating a Dice or 
similarity coefficient @, proportion of shared fragments 
between two isolates). The F-value was calculated using 
the following formula: F = 2nxy/(nx + n&where n, is the 
total number of DNA fragments from isolate X, n, is the 
total number of DNA fragments from isolate Y, and nxy is 
the total number of DNA fragments that were identical 
in the two isolates. Isolates were considered to be genet- 
ically similar or identical if there was complete concor- 
dance of the DNA fragment profdes, and were considered 
different-for the purposes of pattern comparison only- 
Figure 1. Pulsed-field gel electrophoresis pattern of Salmonella enfer- 
itidis following digestion with X&l. Lane 1 = pattern E; lanes 2-16 = 
pattern A; lane 17 = pattern C; lane 18 = undigested DNA. Figures on 
the right refer to position of marker bands. 
if there was a difference of one or more DNA bands. Using 
this method, an F value of 1 .O indicates identical patterns 
and an F value of 0 suggests complete dissimilarity 
RESULTS 
The PFGE analysis of the 32 human isolates of Salmo- 
nella enteritidis was performed after digestion of chro- 
mosomal DNA with three restriction endonucleases, X&a1 
(5’-TCTAGA-S’), AvrII (5’-CCTAGG-3’), and SpeI 
(5’-ACTAGT-3’). Stable and reproducible PFGE patterns 
consisting of between 15 and 22 bands were observed 
(Figures 1,2,3). These patterns remained stable even after 
repeated subculturing of the isolates, and no plasmids 
were detected when PFGE was performed on undigested 
DNA (e.g., lane 18, Figure 1). Four different PFGE pat- 
terns (A, C, E, F) were detected with XbaI, with pattern 
A being the most common (87%) (Table 1, Figure 1). Pat- 
terns C (lane 17, Figure 1) and E (lane 1, Figure 1) differed 
from pattern A by a single band (F = 0.9-0.95). Pattern 
F was very different from the rest (F = 0.5). Similarly, four 
patterns (D, E, F, G; F = 0.86-1.0) were detected with 
A~11 (Table 1, Figure 2) and three patterns with SpeI (A, 
B, C; F = 0.95-1.0) (Table 1, Figure 3). A PFGE analysis of 
the 32 isolates was initially performed in a “blind” fash- 
ion, and retrospective analysis of the clinical records 
revealed that three isolates were not part of the student 
community. These three isolates had the pattern combi- 
nations of E/F/A (XbaI), E/F/B (AwIIl, and F/G/C (SPeI), 
in contrast to the outbreak isolates that had the A/D/A 
pattern combination (except for one isolate with the 
C/E/A pattern) (Table 1). 
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Figure 2. Pattern of PFGE of S. enferifidis following digestion with 
Avrll. A: Lanes 1-8, 12-13, 15-16 = pattern D; lanes O-10 = pattern 
F; lane 11 = pattern G; lane 14 = pattern E. 5: Lanes 1, 3--6, 8 = pat- 
tern D; lane 2 = pattern F; lane 7 = pattern E; lane 9 = pattern G; 
lanes IO, 11 = unrelated S. enferifidis. M = lambda concatemer mark- 
ers. Figures on the right refer to position of marker bands. 
DISCUSSION 
Until the advent of molecular techniques, the differenti- 
ation of individual strains of S. enteritidis was problem- 
atic. Typing of Salmonella strains traditionally has been 
based on serotyping, biochemical tests, antibiotic sus- 
ceptibility, and phage typing. With S. enteritidis, phage 
typing has not been particularly useful, as most of the 
outbreak-related and sporadic strains of this organism 
belong to only a few phage types.’ Similarly, plasmid 
. 49 
Figure 3. PFGE pattern of S. enferifidis following digestion with Spel. 
A: Lanes l-5, 7-11 = pattern A; lane 6 = pattern B; lane 12 = ATCC 
S. enferifidis. 5: Lanes l-3, 6-13 = pattern A; lane 4 = pattern C; lane 
14 = unrelated S. enferitidis. M = lambda concatemer markers. Fig- 
ures on the right refer to position of marker bands, 
profiles are limited by the prevalence of these extra- 
chromosomal entities in the strains being investigated. 
Vatopoulos et al7 found plasmid analysis to be useful in 
differentiating 21 strains of S. enteritidis, whereas Mar- 
tinetti and Altwegg2 showed that this method was of lim- 
ited value because only a small proportion of the strains 
harbored plasmids; however, a recent report indicated 
that lipopolysaccharide (LPS) profiles obtained after poly- 
acrylamide gel electrophoresis (PAGE) was associated 
with virulence of S. enteritidis.’ 
In recent years, the value of molecular methods in 
discriminating between strains of pathogenic S. enteri- 
tidis in defined epidemiologic settings has been well 
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Table 1. PFGE Analysis of an Outbreak of 
Gastroenteritis Caused by S. enteritidis among University 
Undergraduates in Kuala Lumpur, Malaysia 
Isolate PFGE Patterns 
No. Xbal/Avrll/Spel 
575 C/WA 
Isolate 
No. 
847 
PFGE Patterns 
Xbal/Avrll/Spel 
A/D/A 
576 ND/A 848 ND/A 
577 A/D/A 849 ND/A 
579 ND/A 850 A/D/A 
578 A/D/A 942 A/D/A 
580 ND/A 1042 ND/A 
581 ND/A 1044 ND/A 
629 ND/A 1045 A/D/A 
650 A/D/A 1047 ND/A 
651 A/D/A 1049 A/D/A 
652 A/D/A 1051 A/D/A 
653 A/D/A 1053 A/D/A 
654 A/D/A 1288 ND/A 
756 ND/A 937 E/F/A* 
844 A/D/A 943 WF/B 
846 ND/A 1050 F/G/C* 
*isolate numbers 937, 943, and 1050 were obtained from patients not related 
to the outbreak. 
proven in numerous studies. For example, Gruner et al3 
showed that ribotyping with the restriction endonucle- 
ase S’hI was able to differentiate 16 strains of S. enteri- 
tidis into 10 subtypes. Fad1 et al5 showed that arbitrarily 
primed PCR (AP-PCR) was able to generate seven dis- 
tinct DNA patterns among 32 avian and human strains of 
S. enteritidk. This method also allowed the recognition 
of differences in DNA patterns among isolates with sim- 
ilar phage types. Using a similar PCR-based approach, Lin 
et al6 showed that 14 random amplified polymorphic 
DNA @APD) subtypes could be discerned among 29 iso- 
lates of S. enteritidis. Eight isolates of S. enteritidis phage 
type 8 that failed to be discriminated by other typing 
methods, including ribotyping and PFGE, were resolved 
into three different subtypes by RAPD analysis.’ In study- 
ing the molecular epidemiology of bacterial pathogens9 
PFGE has been shown to be a useful method and has 
been used, together with ribotyping, to analyze and dif- 
ferentiate S. enteritidis from hospital- and community- 
based outbreaks.* For example, a hospital outbreak of S. 
enteritidis bacteremia was traced to a carrier staff nurse 
from whom a strain with an identical PFGE pattern to 
the outbreak strains was isolated.* With regard to PFGE 
analysis, it was shown that three restriction endonucle- 
ases,XbaI (5’-TCTAGA-3’),A~rlI (5’~CCTAGG3’) and S’eI 
(5’-ACTAGT3’) which all include the CTAG recognition 
motif, were most useful for the typing of S. enteritidis.4 
In the present study, the value of PFGE in studying a food- 
related outbreak of gastroenteritis has been confirmed. 
The results show that virtually all the 29 isolates of S. 
enteritidis obtained from the students involved had iden- 
tical PFGE patterns. It is most likely that these students 
were infected through the common, contaminated food 
consumed by all of them, consisting primarily of poultry 
and beef products. As part of common practice in many 
Southeast Asian countries, these foods were likely to have 
been kept without refrigeration for extended periods 
after cooking, thus increasing the likelihood of contami- 
nation and growth of bacteria. Significantly, PFGE was 
able to simultaneously detect and differentiate the pres- 
ence of three other isolates of S. enteritidis, which were 
unrelated to the outbreak as shown by the different PFGE 
patterns detected. 
The present study also addresses the question of the 
clonality and genetic diversity of S. enteritidis strains cir- 
culating in different parts of the world. In a previous 
study, where PFGE was used to analyze both sporadic 
and outbreak strains from Switzerland and Malaysia,” it 
was concluded that pathogenic strains of S. enteritidis 
are highly clonal in nature and that strains showed limited 
genetic diversity, with F values ranging from 0.9 to 1.0. 
Similarly, in the present study, all outbreak isolates were 
identical (F = 1 .O), and the three unrelated isolates were 
also highly similar (F = 0.86-1.0). One PFGE pattern 
(X&I pattern I!) was quite different from the rest (F = 
0.5). The PFGE patterns detected in the present study 
are identical or highly similar to those described in our 
previous study.* In relation to PFGE profiles it has been 
suggested that one or two band shifts caused by a single 
genetic event (e.g., point mutation resulting in loss or 
gain of a restriction site, insertion, deletion, or chromo- 
somal inversion) are considered to be clonally related.9 
The limited diversity and clonality of S. enteritidis is in 
marked contrast to that observed for S. typhi where con- 
siderable genetic diversity has been observed, indicating 
the existence of multiple independent clones in different 
endemic regions (F = 0.53-1.0).10 
In spite of the inherent limitation of limited genetic 
diversity among S. enteritidis reported previously,* the 
present study confirms the usefulness of PFGE in char- 
acterizing and comparing strains of S. enteritidis in the 
investigation of well-documented outbreaks of gastroen- 
teritis within a short, defined time period. With proper 
standardization, molecular typing of S. enteritidis strains, 
in conjunction with established typing methods, could 
eventually form the basis of an effective epidemiologic 
surveillance system that would be invaluable in devel- 
oping rational strategies for control and better under- 
standing of its pathogenic&y for man. 
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